Static tensile experiments and progressive failure simulations of single-bolt, single-and double-lap joints 27 were carried out to comparatively investigate secondary bending effects, which present significant 28 eccentric-loading phenomena in single-lap joints but are almost non-existent in symmetric double-lap 29 joints. Progressive damage models of single-lap and double-lap joints were established, from which 30 the numerical predictions were found to be in good agreement with the experimental outcomes. 
Introduction

43
Composite bolted joints are widely used in aircraft structures 44 because of their high load carrying capacity, ease of maintenance 45 and replaceability, among other factors. However, due to the inher- behavior of composite bolted joints [8] [9] [10] . 64 Secondary bending was investigated in aircraft structures by 65 Schütz and Lowak [11] . They measured the strains at 150 different 66 structural locations and found that 86% of them presented obvious 67 secondary bending effects. To characterize secondary bending, a 68 parameter SB was defined in terms of either strains or stresses 69 [10, 12] of the opposite member plate [6] , from which the tension strains 81 were measured and SB was calculated as defined in Eq. (1) . Because 82 SB was significantly dependent on the location of the strain gauges, 83 especially their position in the longitudinal direction [11, 12] , Van 84 der Linden [13] suggested measuring the strains at a specific point, 85 which was named the AGARD point by the Advisory Group for 86 Aerospace Research and Development [14] and widely used in sub- analysis was increasingly used to study out-of-plane stress in com-110 posite bolted joints [18, 19] . Edlund [20] To reduce the computational cost, only half of the double-lap joint 183 was built because of its symmetry about the mid-surface of the Table 2 . In addition, Table 2 lists the formulae of the material 232 degradation rules [23] corresponding to each failure mode.
233
In Table 2 , r ij (i, j = 1, 2, 3) are the scalar components of the From Fig. 3 and Table 3 , the difference between single-lap and ahead of the hole to form a runway-shaped orifice, which resulted Table 2 Failure criterion and Material degradation models.
Failure modes Failure criterion Material degradation rules
Fiber tension (r 11 > 0)
Fiber compression (r 11 < 0)
Matrix tension (r 22 > 0)
Matrix compression (r 22 < 0)
Fiber-matrix shear(r 11 < 0)
Interface tension (r 33 > 0)
Interface compression (r 33 < 0) the tilt angle versus the applied load is plotted in Fig. 7(a) . 
